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Abstract: Strophalosiid brachiopods of the genera Strophalosia, Heteralosiu and Echinalosia from 

the Permian sequences of Western Australia arc revised and described. The new subgenus Notolosia is 

diagnosed and the following species described: Strophalosia irwinensis Coleman, Strophalosia jimbaensis 

sp. nov., Heteralosia etheridgei (Prendergast), Heteralosia prendergastae (Coleman), Heteralosia com- 

plectens (Etheridge), Echinalosia prideri (Coleman) and Echinalosia {Notolosia) dickinsi subgen. et sp. 

nov. Additional material belonging to Strophalosia and Heteralosia is briefly described and figured. 

The classification of the superfamily Strophalosiacea is briefly discussed, the Ctenalosiinae of Muir- 

Wood and Cooper (1960) is raised to family status as the Ctcnalosiidae and the new subfamily 

Licharewiellinae is proposed within the Strophalosiidae Schuchert (1913). 

Strophalosiid brachiopods are abundant in the 

marine Permian faunas of Western Australia. This 

paper continues the series of studies on Western Aus¬ 

tralian Permian brachiopods (Archbold 1985) and 

documents representatives of the genera Strophalosia, 

Heteralosia and Echinalosia. The remainder of the 

Western Australian representatives of the family Stro¬ 

phalosiidae will be described in a subsequent study. 

Strophalosiids described herein come from various 

stratigraphical horizons within the Perth, Carnarvon 

and Canning Basins. The stratigraphy of these basins is 

documented in references referred to in Archbold (1981, 

p. 109) and the basis for age assignment of species is the 

same as that utilised in recent studies of Western 

Australian spiriferid brachiopods (Archbold & Thomas 

1985). Terminology is standard as in previous studies. 

Several of the species described are useful for inter- 

basinal correlation, notably Strophalosia irwinensis, 

Heteralosia etheridgei and Heteralosia complectens, while 

all other species are useful for intrabasinal correlations. 

The terminology used herein follows that used by 

Muir-Wood (1965) and Sarycheva (1970). 

COLLECTIONS 

All figured and measured specimens are housed in the 

following institutions as indicated by the prefix to the 

registered numbers. CPC —Commonwealth Palaeontol¬ 

ogical Collections of the Bureau of Mineral Resources, 

Geology and Geophysics, Canberra, A.C.T. GSWA — 

Geological Survey of Western Australia, Perth, Western 

Australia. MUGD —Department of Geology, University 

of Melbourne, Parkville, Victoria. UWA — Department 

of Geology, University of Western Australia, Nedlands, 

Western Australia. AMF-Australian Museum, Sydney, 

New South Wales. 

All figured specimens of new species, other than 

holotypes are paratypes. 

SYSTEMATIC PALAEONTOLOGY 

Order Productida Sarycheva & Sokolskaya, 1959 

Suborder Strophalosiidina Waterhouse, 1975 

Superfamily Strophalosiacea Schuchert, 1913 

Diagnosis: Strophalosiidinids with hinge teeth or den¬ 

ticles in the ventral valve and sockets in the dorsal valve. 

Ventral valve with well-developed interarea with 

pscudodeltidium closing delthyrium. Dorsal valve with 

low interarea. Ventral valve usually cemented by um- 

bonal region and often with rhizoid spines on ears and 

slopes. Dorsal valve with or without spines. Cardinal 

process bilobed in primitive genera, trilobed in advanced 

genera. One family lacking interareas and teeth and 

sockets (Teguliferinidae). 

Discussion: The diagnosis is largely based on Muir- 

Wood and Cooper’s (1960) understanding of the 

Strophalosiidae. Waterhouse (1978a) included the 

Strophalosiidae Schuchert, 1913; Teguliferinidae Muir- 

Wood and Cooper, 1960; and the Hercosiidae Cooper 

and Grant, 1975 within the Strophalosiacea. It would ap¬ 

pear preferable to leave the Hercosiidae within the 

Richthofeniacea as intended by Cooper and Grant (1975, 

p. 928) and the Teguliferinidae may also be better placed 

in the Richthofeniacea. Nevertheless the Teguliferinidae 

possess an erect ilStrophalosia” type of cardinal process 

and a distinctive growth form of the ventral valve (Muir- 

Wood & Cooper 1960, p. 93). As a result I retain the 

family within the Strophalosiacea. 

The subfamily Ctenalosiinae Muir-Wood and 

Cooper (1960) would appear to deserve family status, 

because of the distinctive development of ventral den¬ 

ticles and corresponding dorsal pits, and hence is raised 

to family status, as the Ctenalosiidae, herein. The 

Ctenalosiidae is diagnosed as Strophalosiacea with 

numerous ventral denticles and corresponding dorsal 

pits along the hinge. The genera Ctenalosia Cooper and 
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Stehli (1955) and Mongolosia Manankov and Pavlova 

(1976) are included within the family. The two genera 

are of strikingly-dissimilar external ornament and size 

and yet both possess denticles and multiple sockets. The 

two genera do not appear closely related and hence the 

origin of the Ctenalosiidae is obscure but it appears 

unlikely that the unusual denticulate hinge line could 

have evolved independently in the two genera. 

Family Strophalosiidae Schuchert, 1913 

Diagnosis: Strophalosiaceans with ventral hinge teeth 

and dorsal sockets. Interareas distinct. Ventral valve 

usually cemented by umbonal region and often with 

rhizoid spines on ears and slopes. Dorsal valve with or 

without spines. Cardinal process bilobed, trilobed or 

quadrilobed. 

Discussion: The subdivision of this family has been the 

subject of extensive discussion. With the establishment 

of Strophalosia gerardi King, 1846 as the type species of 

Strophalosia King, 1844 (l.C.Z.N. 1962, Opinion 625), 

nomenclatural stability has occurred within the family. 

The morphological characters of Strophalosia gerardi 

are discussed under the generic heading. 

Hall and Clarke (1892, p. 316) delineated stocks of 

Strophalosia by means of the external ornament of the 

dorsal valve. They noted that there were species at¬ 

tributed to Strophalosia with spiniferous, lamellose or 

smooth dorsal valves. Muir-Wood and Cooper (1960) 

recognised two subfamilies dependent on the nature of 

the dorsal exterior ornament: the Strophalosiinae 

Schuchert with dorsal spines; the Heteralosiinae Muir- 

Wood and Cooper without dorsal spines. Because of the 

clarification of the morphology of the type species of 

Strophalosia, which lacks dorsal spines, Brunton (1966) 

redefined the Strophalosiinae as forms without dorsal 

spines and established the subfamily Dasyalosiinae 

Brunton for those genera with dorsal spines. This 

recasting of subfamilies has been reviewed by Clarke 

(1970a) and Cooper and Grant (1975). Cooper and 

Grant (1975, p. 195) considered Heteralosia to be 

generically distinct from Strophalosia, a view adhered to 

herein, but they did not diagnose the distinction. Ir¬ 

respective of whatever criteria are used to define sub¬ 

families within the Strophalosiidae it appears difficult to 

classify Heteralosia and Strophalosia into separate sub¬ 

families and hence the Heteralosiinae should be permit¬ 

ted to lapse. Grant (1976, p. 80) continued to use the 

Heteralosiinae without a discussion of the arguments 

presented by Brunton (1966) and other authors or a 

comparison of Heteralosia with Strophalosia. 

Waterhouse (1964, 1969) and Clarke (1970a) have ac¬ 

crued data which questions the value of dorsal valve 

spinosity as a criterion for subdividing the family. As a 

result I follow those authors in not employing dorsal 

valve spinosity as a criterion for splitting the family. This 

is also consistent with views indicated by Grigor’eva 

(1977) and Chang and Ching (1976). For the present I in¬ 

clude the following subfamilies within the Strophal¬ 

osiidae, namely Strophalosiinae Schuchert, 1913; 

Mingenewiinae Archbold, 1980 and Licharewiellinae 

subfam. nov. The peculiar nature of the Mingenewiinae 

was discussed by Archbold (1980b). The new subfamily 

Licharewiellinae is formally proposed here and is diag¬ 

nosed as Strophalosiidae with an external ornament of 

course costae and variably-developed dorsal spines. 

Genera included within the Licharewiellinae are Lichare¬ 

wiella Ustritskiy (in Ustritskiy et al. I960), which is an 

objective senior synonym of Costalosia Waterhouse and 

Shah (1966), Costalosiella Waterhouse (1983) and 

Australosia McKellar (1970). The presence of coarse 

costae is a feature of all genera. 

Licharewiella was placed by Wang et al. (1966, p. 

439) in the Aulostegidae Muir-Wood and Cooper, with¬ 

out discussion. Liao (1982, p. 539) included Lichare¬ 

wiella within his new subfamily Truncateninae within 

the Aulostegidae. However, description of Salt Range 

and Tasmanian Licharewiella (including the type 

species) by Waterhouse and Shah (1966) and Clarke 

(1970a) respectively, indicates a firm strophalosiid affini¬ 

ty for the genus. The internal structures of the Salt 

Range Licharewiellinae arc poorly known but Tasma¬ 

nian evidence (Clarke 1970a) indicates a firm stropha¬ 

losiid relationship for the group. 

Australosia McKellar (1970) from the Latest Devo¬ 

nian of Queensland, possesses well-developed, coarse, 

branching costae on both valves and is possibly ancestral 

to Permian members of the subfamily. 

Subfamily Strophalosiinae Schuchert, 1913 

Diagnosis: Strophalosiids with ventral valve normally 

cemented by umbonal region of ventral flank and often 

with rhizoid spines on ears and on flanks. Dorsal valve 

spinose, lamellose or smooth, may be capillate and pit¬ 

ted. Cardinal process bilobed, trilobed or quadrilobed. 

Discussion: This is a large subfamily of over 20 genera. 

The constituent genera have been well reviewed by Muir- 

Wood and Cooper (1960) or have been clearly diagnosed 

by subsequent authors. This paper describes represen¬ 

tatives of the genera Strophalosia King (1844), 

Heteralosia King (1938) and Echinalosia Waterhouse 

1967) from the Western Australian Permian. Relevant 

genera are compared with these genera below and addi¬ 

tional Western Australian Permian Strophalosiinae will 

be described in a subsequent paper. 

Genus Strophalosia King, 1844 

Type Species: Strophalosia gerardi King, 1846, from the 

Permian of Ladakh (Indian Himalayas), horizon 

unknown. 

Discussion of Type Species: The holotype of the species 

(Galway University College, FC, D.267) has been 

figured by King (1850, pi. 19, figs 6-7), Davidson (1853, 

pi. 8, fig. 211), Hall and Clarke (1892, pi. 17, fig. 50), 

Prendergast (1943, pi. 5, figs 13, 16-17) and Brunton 

(1966, pi. 1, figs 8-9). Only Prendergast figured a profile 

of the holotype. Brunton also figured an additional 

specimen from the Himalayas (1966, pi. 1, fig. 7), the 

specimen having, presumably, also been collected by Dr 

J. G. Gerard during his Himalayan expeditions. 
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The Himalayan expeditions of Surgeon J. G. Gerard 

of the Bengal Native Infantry resulted in several collec¬ 

tions of fossils being sent down from the Himalayas. 

These fossils attracted considerable attention at the 

meetings of the Asiatic Society of Bengal with brief 

notes being written on some of the specimens and their 

locations (Everest 1831, 1833, Herbert 1831). Specimens 

were sent to England and commented upon briefly by J. 

deC. Sowerby (1832, 1833). Letters were also sent to the 

Asiatic Society by Gerard giving details of the fossil 

discoveries (Gerard, 1831) and who subsequently pro¬ 

vided a large paper on the Spiti Valley region (Gerard, 

1833). He was to have provided a second paper detailing 

the geological settings of his fossil discoveries (note to 

Gerard’s 1833 paper by James Prinsep, Secretary to the 

Physical Class of the Asiatic Society of Bengal). 

However, the second paper does not seem to have even¬ 

tuated. At least it is not referred to by Royle (1840), a 

valuable reference detailing much of the geological ex¬ 

ploration of the Himalayas by that time. Royle (1840, 

pi. 3, figs 16-27) figured additional specimens collected 

by Gerard, one of which (op cit. pi. 3, fig. 23) may be 

allied to the Permian spiriferid genus Trigonotreta, 

again indicating that Gerard collected from Permian 

strata. For the time being the best indication of the 

locality of the type specimen is that given by Gerard 

(1833, p. 276-7) and repeated by King (1850, p. 96), 

namely “just before crossing the boundary of Ladakh 

into Basahir, 1 was gratified by the discovery of a bed of 

marine fossil shells resembling oysters, and clinging to 

the rock in a similar manner, but the suspicions of the 

Chinese prevented my bringing away many specimens. 

The loftiest position at which 1 actually picked up some 

of the shells was on the crest of a pass elevated 17,000 

feet, where also were seen numerous blocks of calcareo- 

siliceous matrix” (Gerard 1833, p. 276-7). It is quite 

possible that other letters and perhaps maps were 

transmitted to the Asiatic Society of Bengal by Gerard 

and that an investigation of the old records of the socie¬ 

ty, if extant, may provide further information. 

Generic Diagnosis: Strophalosiinae with erect and 

recumbent spines over ventral valve. Dorsal valve with 

no spines, delicate concentric lamellae and delicate im- 

persistent capillae. Shell shape usually subcircular. 

Discussion: The generic name Strophalosia was in¬ 

troduced by King (1844, 1845) and diagnosed later 

(1846, 1847). Strophalosia gerardi was described by King 

in 1846 and hence was the only species available as type 

species of the genus (I.C.Z.N. 1962, Opinion 625). 

Coronalosiu Waterhouse and Gupta (1978) (type 

species Coronalosiu blijniensis Waterhouse & Gupta 

1978) is morphologically closest to Strophalosia. It 

differs most obviously in the presence of a row of hinge 

spines that are sturdy and open into the interior of the 

valve into late maturity. Waterhouse and Gupta (1977, p. 

14; 1983a, pp. 125) have used the name Archnaelosia, a 

nomen nudum, which apparently refers to Coronalosia, 

a genus validly described in 1978. 

Waterhouse and Gupta (1978, p. 417) noted that the 

dorsal exterior of Strophalosia gerardi is covered with 
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prominent pits (or dimples) and pustules, as well as lam¬ 

ellae and traces of radial capillae and hence is similar to 

the dorsal valve of Strophalosia subcircularis Clarke 

(1970a) which is also covered with well-defined radial 

capillae according to those authors. Fine intermittent 

capillae occur on the dorsal valve of well-preserved 

specimens described herein and referred to Strophalosia 

invinensis Coleman. 

As noted by Brunton (1966), Strophalosia is similar 

morphologically to Heteralosia King 1938, a genus dis¬ 

cussed below. Cooper and Grant (1975, p. 795) con¬ 

sidered Heteralosia to be distinct from Strophalosia. 

However, they did not diagnose either genus. Their spe¬ 

cies Strophalosia inexpectuns, is atypical for the genus 

Strophalosia and indeed the presence of fine, recum¬ 

bent, hair-like spines on the dorsal valve precludes the 

species from Strophalosia. The species Strophalosia in- 

expectans possesses such delicate spines on both valves 

that it does not fit readily into any described strophalo- 

siid genus. Grant (1976, p. 80) gave a detailed diagnosis 

of Heteralosia but did not compare the genus with 

Strophalosia. Nevertheless, Heteralosia is regarded 

herein as a distinct genus and is discussed further below. 

Strophalosia is reliably known from early Permian 

faunas of Tasmania (Clarke, 1970a), New South Wales 

and Queensland (Waterhouse, et al. 1983) and Western 

Australia. Artinskian species are known from the Salt 

Range, Pakistan (in the forms of S. tenuispina Waagen, 

1884 and S. sublamellata Reed, 1944). Late Permian 

species are known from the Himalayas (Waterhouse, 

1983) and the Karakorum (Waterhouse & Gupta, 

1983b), although, like S. gerardi, the age of which is not 

known, these species are relatively poorly known. Early 

Late Permian species such as S. sibirica Licharew 

(1934a) from northern and northeastern Siberia, Arctic 

USSR, appear to be true Strophalosia species 

(Grigor’eva, 1977), In the Soviet Arctic, the genus ap¬ 

pears to occur as far west as Novaya Zemlya 

(Kalashnikov & Ustritskiy, 1981) and then as far south 

as the Kantian Priurals in the form of the Sakmarian 

Strophalosia striatotuberculata (Mirskaya et al. 1956). 

Strophalosia irwinensis Coleman, 1957 

Figs 1A-Z, 4A-I 

1943 Strophalosia sp. cf. gerardi: Prendergast, p. 46; 

pi. 5, figs 14-15. 

1943 Strophalosia tenuispina: Prendergast, p. 52; pi. 

6, fig. 9. 

1957 Strophalosia (Heteralosia) invinensis: Coleman, 

p. 122; pi. 20, figs 1-6. 

1957 Strophalosia (Heteralosia) tenuispina: Coleman, 

p. 130; pi. 20, figs 36-37. 

1967 Strophalosia prideri: Condon, p.70 

1976 Strophalosia (Heteralosia) invinensis: Coleman; 

Playford et al., p. 95. 

Holqtype: UWA 23441a, a ventral valve from Fossil 

Cliff, Irwin River; Fossil Cliff Member of the Holmwood 

Shale, Perth Basin. Figured by Coleman (1957, pi. 20, 

figs 1-2). 



100 N. W. ARCHBOLD 



WESTERN AUSTRALIAN 

Material, Localities and Age: Specimens as figured 

and measured in addition to abundant material from the 

Callytharra Formation collected by Dr G. A. Thomas, 

University of Melbourne. MUGD F6577, 6581, 6587, 3 

isolated dorsal valves from G. A. Thomas locality PB 

610, from measured section at 539 m bearing 290° from 

junction of Bilung Creek and Wooramel River, 75.5 m 

above base, Callytharra Formation. MUGD F6582, 

6578, 6586, 2 conjoined shells and one ventral valve 

from G. A. Thomas locality PA 591, same section as 

above, 54.5 m above base, Callytharra Formation. 

MUGD F6590, an isolated dorsal valve from G. A. 

Thomas locality X813, from measured section, 2.5 km 

west of Coordewandy Homestead, at 8.5 m above base, 

Callytharra Formation. MUGD F6593, a conjoined 

shell from G. A. Thomas locality P 498, type section of 

Callytharra Formation, Callytharra Springs, 34-38 m 

above base of section. MUGD F6591,6594, 1 conjoined 

shell and 1 isolated ventral valve from G. A. Thomas 

locality P 501, same section as P 498, 42-43 m above 

base of section. MUGD F6592, 6595, 2 conjoined shells 

from G. A. Thomas localities Q 550 and Q 545, from 

measured section on a creek near Gap Pool, Wooramel 

River, 4.6 km bearing 333° from Keogh Hill, Wooramel 

River District, 56 m and 42.5-46 m above base of section 

respectively, Callytharra Formation. All Carnarvon 

Basin. All Sterlitamakian (Late Sakmarian). 

CPC 24429-24430, 2 ventral valve internal moulds 

from BMR locality TK5A, Scott Bluff, east side of Lake 

Blanche, southern Canning Basin, Cuncudgerie Sand¬ 

stone. Sterlitamakian (Late Sakmarian). 

Specimens from the Sterlitamakian Fossil Cliff 

Member of the Holmwood Shale (Perth Basin) were well 

figured by Coleman (1957, pi. 20, figs 1-6). 

Size Ranges: A total of 44 specimens (including the 

figured specimens) were measured. Hinge width, 

5.6-23.8 mm; maximum width, 7.5-32.8 mm; ventral 

valve height, 6.9-24.6 mm; dorsal valve height, 6.1-22.5 

mm; thickness, 2.1-8.3 mm. 

Diagnosis: Small to medium sized Strophalosia; 

moderately-convex ventral valve; gently-concave dorsal 

valve in early stages of ontogeny, moderately-concave 

dorsal valve in maturity. Dorsal valve with ill-defined 

dimples, well-developed growth lamellae, radial capillae 

and no spines. Ventral valve with row of hinge spines 

and variably-defined rows of body spines; spines low 

angled and recumbent. Cicatrix of variable size. 
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Description: Shell small to medium sized, transversely 

oval or subcircular in outline. Hinge width varies from 

0.6 of maximum width to 0.9 of maximum width. Hinge 

extremities rounded or finely pointed. Convexity of ven¬ 

tral valve relatively even with a slight increase in convex¬ 

ity over visceral disc. Gentle median depression or sulcus 

present in a few specimens but dies out before anterior 

margin of valve. Umbo not prominent, usually 

cemented to substrate. Cicatrix varies from small, barely 

recognisable to large (maximum size 10.9 mm wide), 

prominent; reflecting variable duration of attachment 

for juveniles of species. Dorsal valve flat to gently con¬ 

cave in juveniles, becomes more distinctly concave in 

mature individuals. Ventral interarea prominent, 

relatively high, gently concave or flat, finely-striated 

parallel to hinge line. Delthyrium small, high, narrow, 

filled with small, gently-convex pseudodeltidium. Dorsal 

interarea distinct, relatively high, bisected by small, nar¬ 

row, high, triangular notothyrium filled by gently- 

convex chilidium. Dorsal interarea inclined at up to 30° 

to cardinal process or may be close to coplanar with the 

process. 

Ornamentation of ventral valve consists of scattered 

spines, at times showing concentric and subquincuncial 

arrangement. Spines relatively coarse along cardinal 

margin and anterior portion of mature specimens, being 

up to 1 mm thick at bases. Body spines vary from 

recumbent to projecting anteriorly at low angle to valve. 

Hinge spines erect, point away from umbo; arranged as 

single row along cardinal margin and over ill-defined, 

small ears. Ventral valve also possesses widely-spaced, 

distinct, concentric growth lamellae. 

Dorsal valve lacks spines but possesses prominent, 

concentric growth lamellae, low, fine, radial capillae 

between the lamellae (about 3 per mm at 1.8 cm from 

umbo) and a few scattered, shallow, elongate dimples on 

a minority of specimens. Many specimens lack dimples 

entirely. 

Ventral interior possesses distinct, but small, diverg¬ 

ing teeth. Muscle marks clearly shown on internal 

moulds; adductor scars relatively small, smooth and 

bisected by low ridge. Diductor scars large, flabellate, 

smooth or gently striated. Low marginal ridge may be 

developed around perimeter of ventral interior. Re¬ 

mainder of ventral visceral disc carries fine pustules and 

indistinct striations. Trail of valve smooth interiorly. 

Fig. 1 — A-Z, Strophalosia irwinensis Coleman. A-X, from Callytharra Formation, Carnarvon Basin; 

Y-Z, from Cuncudgerie Sandstone, Canning Basin. A-C, MUGD F6577, dorsal valve in ventral, dorsal 

and posterior views, x 2, x 1.6 and x 2.3 respectively. D-E, MUGD F6581, dorsal valve in ventral and 

dorsal views, x 2 and x 1.8 respectively. F-G, MUGD F6582, shell in ventral and dorsal views, x 1.3 

and x 1.4 respectively. H-K, MUGD F6578, shell in ventral, dorsal and posterior views, x 1.2, enlarge¬ 

ment of part of dorsal valve exterior, x 5.5. L, MUGD F6583, shell in dorsal view, x 1.6. M-N, MUGD 

F6584, shell in dorsal and ventral views, X 1.5 and x 1.8 respectively. O-P, MUGD F6585, shell in dor¬ 

sal and ventral views, x 1.8. Q-S, MUGD F6586, ventral valve in dorsal and posterior views, x 1.4, 

enlargement of ventral interarca, x 3. T-U, MUGD F6587, dorsal valve in dorsal and ventral views, x 

1.8 and X 2.2. V, MUGD F6588, ventral valve internal mould, x 1.6. W, MUGD F6589, shell in dorsal 

view, x 1.6. X, MUGD F6580, dorsal valve in ventral view , x 2. Y, CPC 24429, ventral valve internal 

mould, x 1.3. Z, CPC 24430, ventral valve internal mould, x 1.6. 
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Dorsal valve interior carries strong median septum; 

arises from cardinal process, extends some two-thirds of 

valve length. Adductor muscle scars smooth, in two 

pairs, with anterior pair most prominent. Muscle scars 

bisected by median septum. Cardinal process erect, in¬ 

clined up to 60° to plane of visceral disc. Exteriorly car¬ 

dinal process trilobed, in mature individuals, with central 

lobe being most prominent. Interiorly, cardinal process 

appears quadrilobed with large central lobe being gently 

bisected by gentle depression and a smaller lateral lobe 

occurring each side of central lobe. Anterior of interior 

of dorsal valve sharply turned into short trail. 

Discussion: This species has been well described by 

Coleman (1957) and additional, large collections from 

the Callytharra Formation, upon which the above de¬ 

scription was based, confirms the essential details of his 

description. S. ir wine ns is can now be confidently assign¬ 

ed to Strophalosia following the elucidation of the type 

species by Muir-Wood and Cooper (1960), Waterhouse 

(1964) and particularly Brunton (1966). 

S. gerardi King (1846), from the Permian of the 

Himalayas, is a larger species than S. irwinensis and 

possesses prominent elongate dimples on the dorsal 

valve exterior and more numerous spines on the ventral 

valve (Brunton 1966, pi. 1, figs 8, 9). The umbonal 

shoulders of S. gerardi are much more prominent than 

those of S. irwinensis. 

S. subcircularis Clarke (1970a) and its variants is a 

relatively large species with a cicatrix that may vary con¬ 

siderably in size (e.g. Clarke 1970a, pi. 1, fig. 6a) like 

that of S. irwinensis. The early Permian (Sakmarian) 

Tasmanian species is strongly convex with a variably- 

dimpled dorsal valve. 

The Late Permian S. diadema (Waterhouse & Gupta 

1983b) from the Southern Karakorum is a larger species 

with a shallow median sulcus but is only known from a 

few specimens and the illustrations of the species are not 

clear. Specimens attributed to S. gerardi by Waterhouse 

(1983, pi. 1, figs 1-2) from the Late Permian of Nepal 

are small and the dorsal exterior possesses irregular 

growth lamellae when compared with that of S. irwinen¬ 

sis. Comparison of S. irwinensis with S. jimbaensis sp. 

nov. is given under that species. 

Both Prendergast (1943) and Coleman (1957) refer¬ 

red one imperfectly-preserved ventral valve from the 

Fossil Cliff Member to Strophalosia tenuispina Waagen 

(1884) but as noted by Coleman (1957, p. 131) the speci¬ 

men could “equally as well belong to other species, in 

particular . . . S. irwinensis”. The specimen is now for¬ 

mally referred to S. irwinensis in the interests of 

nomenclatural stability. 

Strophalosia jimbaensis sp. nov. 

Fig. 2A-G 

Holotype: CPC 24405, a conjoined shell from the type 

section of the Jimba Jimba Calcarenite, Carnarvon 

Basin. 

Material, Localities and Age: The four available 

specimens (all conjoined shells, 2 incomplete) are from 

the type section of the Jimba Jimba Calcarenite (Lat. 

25°0275"S; Long. 114°58'5"E), Jimba Jimba Station, 15 

km west of Jimba Jimba Homestead (Condon 1967, p. 

89), Carnarvon Basin. MUGD F6596-6598 come from 

16.5 m above the base of the section. All specimens are 

Aktastinian (Early Artinskian). 

Measurements (in mm): * = holotype, e = estimate 

Specimen Hinge Maximum Ventral Dorsal Thick- Height 

width width height height ness ventral 

interarea 

CPC 24405* 18.7 37.2 31.8 28.0 8.2 1.8 

MUGD F659620.0e 32.0c 27.5 24.6 — 2.4 

MUGD F659723.0 38.0 26.5 + 23.5 + 10.7 2.8 

MUGD F6598 19.2 34.6 — — 11.5 2.0 

Diagnosis: Medium- to large-sized Strophalosia; 

moderately convex ventral valve; concave dorsal valve. 

Dorsal valve with well defined dimples, growth lamellae 

and radial capillae, no spines. Ventral valve with hinge 

spines, two rows on ears, numerous scattered sub-erect 

body spines and a shallow median sulcus. 

Description: Shell medium- to large-sized, transversely 

oval in outline. Hinge width varies from about 0.5 of maxi¬ 

mum width to 0.65 of maximum width (based on small col¬ 

lection). Hinge extremities rounded. Convexity of ventral 

valve relatively even judged from available specimens. 

Gentle median sulcus developed in ventral valve, persists 

until anterior margin of shell. Umbo small, weakly point¬ 

ed; cicatrix small, extends from umbo for only a few mm. 

Dorsal valve gently concave at juvenile stages of ontogeny, 

becomes more distinctly concave in mature individuals. 

Ventral interarea prominent, flat, finely striated parallel to 

hinge line. Delthyrium small, high, narrow, filled with 

small, gently convex pseudodcltidium. Dorsal interarea 

distinct, relatively high; bisected by narrow, high, trian¬ 

gular notothyrium filled by gently convex chilidium. 

Dorsal valve lacks spines but possesses prominent, 

concentric growth lamellae, low, fine, radial capillae 

between lamellae (about 3 per mm at 1.5 cm from umbo) 

and numerous scattered to subquincuncially arranged, 

circular to slightly elongate dimples (or pits). 

Interior structure of the species not known. 

Discussion: This species is described and named formal¬ 

ly because of its larger size, shallow ventral sulcus and 

Fig. 2-A-G — Strophalosia jimbaensis sp. nov. A-G, from Jimba Jimba Calcarenite, Carnarvon Basin. 

A-B, CPC 24405, holotype, shell in dorsal and ventral views, x 1.1. C, MUGD F6596, crushed shell in 

dorsal view, x 1.2. D-F, MUGD F6597, shell in dorsal, ventral and posterior views, X 1.1. G, MUGD 

F6598, incomplete shell in dorsal view, x 1.2. H-O, Strophalosia sp. cf. 5. jimbaensis sp. nov., all from 

One Gum Formation, Carnarvon Basin. H, CPC 24431, natural cast of ventral valve in ventral view, x 

1.2. I, CPC 24435, natural cast of dorsal valve, interior view, x 1.2. J, CPC 24433, natural cast of ven¬ 

tral valve in ventral view, X 1.2. K, CPC 24434, natural cast of ventral valve in ventral view, x 1.2. L, 

CPC 24432, natural cast of ventral valve in ventral view, x 1. M, CPC 24436, natural cast of dorsal 

valve, interior view, x 1. N, CPC 24437, natural cast of dorsal valve in dorsal view, x 1.2. O, CPC 

24438, natural cast of ventral valve, interior view, x 1.2. 
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strongly dimpled dorsal valve which collectively charac¬ 

terise a distinctive form. Nevertheless, further collec¬ 

tions will add to the variation of the species and enable 

the elucidation of the internal structures. 

S. jimbaensis sp. nov. is readily distinguished from 

S. irwinensis by means of the distinctive features of the 

species. S. jimbaensis sp. nov. is closer to both S. gerar- 

di King and S. subcircularis Clarke in details of size, 

outline and spinosity but both the Himalayan and Tas¬ 

manian species appear to lack the distinctive shallow 

ventral sulcus and neither species possesses such well- 

developed dorsal valve dimples. 

Strophalosia sp. cf. S. jimbaensis sp. nov. 

Fig. 2H-0 

Material, Localities and Age: CPC 24431-24435, 

four natural casts (in ferruginous siltstone) of ventral 

valves and 1 natural cast of a dorsal valve from BMR 

locality WB 9, 2 km on a bearing of 285° from Keogh 

Hill, One Gum Formation. CPC 24436-24438, 2 natural 

casts of dorsal valves and 1 natural cast of a ventral 

valve (all in ferruginous siltstone) from BMR locality 78, 

64, 042, 7, Glenburgh Run 13A, Photo 5009, 2.4 km at 

276° from Keogh Hill, collector Dr J. M. Dickins, base 

of One Gum Formation. All Carnarvon Basin. All Ak- 

tastinian (Early Artinskian). 

Measurements (in mm): Measurements are rounded ofT 

because preservation does not permit accuracy to one 

decimal place. e = estimate. 

Specimen Hinge 

width 

Maximum 

width 

Ventral 

height 

Dorsal 

height 

Thickness 

CPC 24431 — 38 32 — 9.0e 

CPC 24433 — 35 35 — 11.Oe 

CPC 24434 — 39 33 _ _ 

CPC 24435 23 41 _ 32 _ 

CPC 24437 21 39 _ 29 _ 

CPC 24438 — 40 + 38 — — 

Diagnosis: Large Strophalosia. Ventral valve moderate¬ 

ly convex with hinge spines, numerous scattered body 

spines and a shallow median sulcus. Dorsal valve con¬ 

cave with well-defined dimples, no spines. 

Description: Shell large, transversely oval in outline. 

Convexity of ventral valve relatively even, no increase in 

convexity over visceral region. Gentle median sulcus 

developed in ventral valve, persists until anterior of shell. 

Dorsal valve gently concave. 

Ornamentation of ventral valve consists of coarse 

scattered spines at times showing concentric and sub- 

quincuneial arrangement. Spine bases up to 1.0+ mm 

thick. Body spines semi-erect or recumbent —the better 

preserved specimens indicate they were primarily semi- 

erect. Numerous spines developed over small ears. Rela¬ 

tionships of spines not clear but appears to be at least 

two rows present (spines spaced at 1-1.5 mm intervals 

adjacent to ears and at 2-3 mm intervals elsewhere on 

valve). 

Dorsal valve lacks spines but possesses prominent 

concentric growth lamellae and distinct, circular to 

slightly elongate dimples. 

Ventral valve interior carries smooth adductor scars, 

posteriorly located, bisected by low ridge. Diductor 

scars less well impressed, appear large, flabellate, striate. 

Dorsal valve interior with distinct median septum, 

arising from cardinal process (details unknown). Low- to 

prominent marginal ridge present. Brachial ridges poor¬ 

ly known. 

Discussion: The specimens discussed are closest to S. 

jimbaensis sp. nov. in details of ventral valve mor¬ 

phology and dorsal valve exterior ornament but infor¬ 

mation on the nature of the cardinal area of the One 

Gum Formation specimens and the internal morphology 

of S. jimbaensis sp. nov. is required for a confident 

referral of the material at hand to that species. Never¬ 

theless the two occurrences appear to be closely related. 

The present material is distinct from other species of 

Strophalosia on similar grounds to those discussed for 

S. jimbaensis. 

Genus Heteralosia King, 1938 

Type Species: Heteralosia slocomi King, 1938. 

Diagnosis: Small Strophalosiinae with erect and recum¬ 

bent spines over ventral valve. Dorsal valve with no 

spines but with concentric lamellae, usually non-capil- 

late. Delthyrium filled by dorsal cardinal process when 

valves closed and/or narrowr pseudodeltidium. Outline 

of shell rounded, usually with small ears. Brachial ridges 

often weakly developed. 

Discussion: As noted by Clarke (1970a, p. 21), although 

the original diagnosis of Heteralosia was based on a 

false premise (that the type species of Strophalosia wras a 

species with a spinose dorsal valve) there appears to be 

good evidence for the validity of the genus. Nevertheless 

the genus is close to Strophalosia s.s. and it can be noted 

that King (1938) placed Strophalosia gerardi in his 

genus. It would appear that many species of Heteralosia 

spent most if not their entire life permanently attached 

to a supporting object. Species of Strophalosia were ap¬ 

parently well detached by maturity. However, size of the 

cicatrix is not a guide to a particular species duration of 

attachment. The largest specimen of Strophalosia ir- 

winensis described herein happens to possess the largest 

cicatrix of any specimen of the species seen by the 

author but that species shows a wide variation in cicatrix 

size. Coleman used the size of the cicatrix as one of his 

criteria for recognition of species within Heteralosia and 

hence not surprisingly, species of the genus appeared to 

range throughout almost the entire Permian sequence of 

Western Australia. Clarke (1970a) considered that Het¬ 

eralosia was characterised by weak brachial ridges as did 

Grant (1976). However, illustrations of various species 

of Heteralosia from the Glass Mountains provided by 

Cooper and Grant (1975) reveal many individuals with 

well-developed brachial ridges. Some specimens of H. 

etheridgei described herein also possess clearly- 

developed brachial ridges. 

Waterhouse (1959, 1964, 1969, 1981) has repeatedly 

drawn attention to the need for a consideration of the 

ontogeny of strophalosiid shells when describing 

strophalosiid species. As a result he and Brunton (1966) 
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have queried the validity of Heteralosia. Nevertheless, 

the observation that some specimens of species such as 

H. etheridgei possess well-developed brachial ridges 

(which the present author considers to be a feature of 

adult or, at least, submature shells) leads to the conclu¬ 

sion that two groups of strophalosiids with non-spinose 

dorsal valves occur in the Western Australian Permian 

faunas. Attempts have been made herein to discriminate 

between juvenile Strophalosia irwinensis and mature 

Heteralosia etheridgei. As a result the present author 

agrees with Clarke (1970a) and Grant (1976) that 

Heteralosia is a useful generic concept. However, 

Waterhouse (1959) has clearly established the import¬ 

ance of ontogenetic studies in the group. 

Both Prendergast (1943) and Coleman (1957) con¬ 

fused the productacean genus Etheridgina Oehlert with 

small attached strophalosiids. The productacean charac¬ 

ters of Etheridgina, well shown by Etheridge (1876,1878) 

and Oehlert (1887) were confirmed by the modern studies 

of Waterhouse (1959) and Muir-Wood and Cooper (1960). 

Prendergast (1943) and Coleman (1957) were apparently 

confused by Etheridge’s (1918) use of the trivial name 

complectens for his new species of Strophalosia. 

Etheridge, of course, did not refer to his previous use of 

the trivial name complectens for his “Productus” (i.e. 

Etheridgina) as the two species were not related. The sup¬ 

pression of the binomcn Strophalosia complectens by 

both Prendergast and Coleman is not justified and hence 

the name is restored herein. Greger’s (1920) erroneous 

treatment of Etheridgina undoubtedly added to the con¬ 

fusion for subsequent authors. Prendergast (1943, p. 53) 

appears to have examined and misinterpreted specimens 

of Etheridgina from Scotland. 

Heteralosia etheridgei (Prendergast, 1943) 

Fig. 3A-Z, AA-BB 

1943 Strophalosia cf. Strophalosia beecheri: Prender¬ 

gast, p. 41, pi. 5, figs 1-3. 

1943 Strophalosia etheridgei Prendergast, p. 43, pi. 5, 

figs 5-12. 

1943 Strophalosia sp. ind. A. Prendergast, p. 51, pi. 6, 

figs 10-12. 

1957 Strophalosia (Heteralosia) etheridgei Prender¬ 

gast, Coleman, p. 120, pi. 19, figs 30-32. 

1957 Strophalosia (Heteralosia) prendergastae Cole¬ 

man (partim.), p. 127, pi. 20, figs 25-28 (non cet.). 

Lectotype: GSWA 1/5252a, figured by Prendergast 

(1943, pi. 5, figs 6, 7) from creek 0.8 km (0.5 mile) west 

of Callytharra Springs, Wooramel River, Carnarvon 

Basin. Callytharra Formation. Chosen by Coleman 

(1957, p. 120). 

Material, Localities and Age: Specimens as figured 

and measured in addition to abundant material from the 

Callytharra Formation, collected by Dr G. A. Thomas, 

University of Melbourne. MUGD F6599-6602, 4 isol¬ 

ated dorsal valves from G. A. Thomas locality Q545, 

from measured section on a creek near Gap Pool, 

Wooramel River, 4.6 km bearing 333° from Keogh Hill, 

Wooramel River district, 42.5-46 m above base of sec¬ 

tion, Callytharra Formation. MUGD F6603, 1 isolated 
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ventral valve from G. A. Thomas locality Q550, same 

section as above, 56 m above base of section. MUGD 

F6604, 1 isolated ventral valve from G. A. Thomas 

locality Q556, same section as above, 42.5-57 m above 

base of section. MUGD F6605, 1 isolated ventral valve 

from G. A. Thomas locality Q559, same section as 

above, 76 m above base of section. MUGD F6606, 6607, 

1 isolated dorsal valve and 1 conjoined shell from G. A. 

Thomas locality P498, type section of Callytharra Form¬ 

ation, Callytharra Springs, 34-38 m above base of sec¬ 

tion. MUGD F6579, 1 isolated dorsal valve from G. A. 

Thomas locality P495, same section as above, 33 m 

above base of section. CPC 24406, 24439, 24440, 3 con¬ 

joined shells from BMR locality GW87, type section of 

Callytharra Formation, Callytharra Springs, 10-17 m 

above base of section. All Carnarvon Basin. 

GSWA F270, external mould of dorsal valve from 

Fossil Clift', Irwin River District, Perth Basin, Fossil 

Cliff Member of the Holmwood Shale. A ventral valve 

from the Fossil Cliff Member was figured by Coleman 

(1957; pi. 19, figs 27-28). 

All Sterlitamakian (Late Sakmarian). 

Size Ranges: A total of 22 specimens (including the 

figured specimens) were measured. Hinge width, 3.3-9.5 

mm; maximum width, 4.6-12.9 mm; ventral valve 

height, 5.0-13.0 mm; dorsal valve height, 4.0-10.8 mm; 

thickness, 2.0-6.2 mm; ventral interarea height, 0.5-1.4 

mm; dorsal interarea height, 0.2-1.2 mm. 

Diagnosis: Small Heteralosia; elongate to circular 

outline. Cicatrix often small, in a few specimens relative¬ 

ly large. Exterior ornament of pronounced concentric 

lamellae and widely spaced, usually relatively-coarse, 

ventral spines. Dorsal exterior with fine capillae and 

scattered, widely-spaced dimples. 

Description: Shell small, elongate oval to circular in 

outline. Hinge width varies from two-thirds to over 

seven-eighths maximum width. Hinge extremities usual¬ 

ly finely pointed in mature specimens. Small ears, poorly 

demarcated from rest of shell, may be developed. 

Juvenile specimens with hinge extremities more round¬ 

ed. Ventral valve strongly convex with convexity 

decreasing anteriorly. Maximum width at about mid¬ 

length of shell. Umbo invariably flattened, carries 

distinct cicatrix of attachment, usually small in size, but, 

in a few specimens, attaining relatively large size (the 

two largest measured: Specimen MUGD F6605, 6 mm 

wide, 4 mm long; Specimen MUGD F6607, 5 mm wide, 

3.5 mm long). Ornamentation of ventral valve consists 

of spines and concentric lamellae. Spines distributed as 

row along hinge, when cicatrix small, and moderately to 

widely spread along concentric rows over valve. Spines 

may be spaced at intervals of 3 mm or more, in which 

case specimen may have relatively few spines (e.g. 

Specimen CPC 24406 has some 27 spines), or at about 2 

mm intervals. Spines relatively coarse (e.g. up to 0.6 mm 

thick on specimen CPC 24440), tend to be adherent 

posteriorly, suberect anteriorly. 

Interareas distinct, flat, extend full width of hinge, 

relatively low. Ventral interarea striated parallel to 

hinge, bisected by narrow triangular delthyrium filled by 
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weakly-convex pseudodeltidium. Dorsal interarea about 

half to two-thirds height of ventral interarea, weakly 

striate parallel to hinge line, bisected by triangular, flat 

to weakly-convex, chilidium. 

Dorsal valve flat or gently convex during earliest 

stages of ontogeny, then becomes increasingly concave 

anteriorly and tends to be distinctly geniculated in front 

of visceral disc. Concentric lamellae distinct exteriorly; 

when well preserved may carry fine capillae (some 3 to 4 

per mm on Specimen CPC 24406). Spines absent. 

Ventral teeth small, divergent. Marginal ridge, aris¬ 

ing near teeth may continue laterally, demarcating small 

ears clearly, then die out on lateral margins of valve. 

Adductor scars situated high up under umbo on small 

raised platform; diductor scars poorly impressed, weak¬ 

ly striate. Anterior of interior of ventral valve smooth. 

Cardinal process arises from strong median septum 

and two, small lateral ridges which surround small, deep 

sockets. Process spike-like, extending posteriorly at 

small angle to plane of dorsal interarea; its interior face 

bilobed in juvenile specimens (because of a pronounced 

groove bisecting the single, large lobe), quadrilobed in 

mature specimens with small lateral lobes becoming 

developed. 

Smooth dorsal adductor scars distinct, particularly 

in mature specimens; often raised above level of visceral 

disc; bisected by median septum, not differentiated into 

anterior and posterior components. Median septum 

usually slightly more than half valve length, raised 

anteriorly. Abundant papillae occur around anterior of 

valve. Brachial ridges variably developed but some 

specimens show distinct, typical, strophalosiid brachial 

ridges. 

Discussion: Specimens at hand modify the understand¬ 

ing of this species from that given by Prendergast (1943) 

and Coleman (1957). The cicatrix of attachment may 

vary considerably in size and this, in turn, may impart a 

distorted outline to some specimens. For these reasons a 

Callytharra specimen previously referred to H. 

prendergastae by Coleman (1957) is now referred to H. 

etheridgei, as discussed under H. prendergastae. 

Spinosity varies more than allowed for by Coleman 

(1957) although ventral spines are apparently never as 

dense as those of H. prendergastae. One specimen 

(MUGD F6604) possesses the typical spine pattern of the 
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species but is unusual in that the spines are fine (only be¬ 

ing 0.3 to 0.4 mm wide); it is presumed to be a variant of 

the species. 

H. etheridgei is close to //. prendergastae but is 

differentiated from that species by a less densely spinose 

ventral valve and a dorsal valve with well developed con¬ 

centric lamellae and only rarely with dimples. On 

average H. etheridgei is a smaller species than H. 

prendergastae. 

Juveniles of Strophalosia irwinensis are close to H. 

etheridgei but invariably possess a less-convex ventral 

valve (at comparable sizes) and often have a larger flat 

cicatrix of attachment. Juveniles of S. irwinensis also 

tend to be more transverse in outline than H. etheridgei 

and to have more closely-spaced, finer, ventral spines. 

Juvenile S. irwinensis are measured and figured in a 

discussion of that species. 

The Strophalosia rarispina of Mansuy (1914) from 

Phnom Ta Maol, Cambodia (Mansuy 1914, pi. 2, figs 

9a-d) has a strongly-developed ventral convexity, small 

umbonal cicatrix and elongate outline that recall H. 

etheridgei but the Cambodian shell has a very low ven¬ 

tral interarea. 

H. haerens Grant (1976, p. 83, pi. 18, figs 1-28) is 

also moderately close to H. etheridgei but is distinguish¬ 

ed from the Western Australian species by its normally 

larger cicatrix of attachment and lack of pseudo¬ 

deltidium. The Thailand species, from the Late Early 

Permian, is also much smaller than H. etheridgei. 

Heteralosia prendergastae (Coleman, 1957) 

Fig. 4P-R 

1957 Strophalosia (Heteralosia) prendergastae (Col¬ 

eman (partim.), p. 127; pi. 20, figs 20-24 (non cet.) 

Holotype: UWA 28444a, a conjoined shell from the 

Cundlcgo Formation, Carnarvon Basin. 

Material, Locality and Age: Only the holotype of the 

species is known; the paratype (UWA 28444b) cannot be 

located in the UWA collections. The type locality is: 350 

yards (approx. 320 metres) west of fence between 

Barabiddy and Weer Paddocks, 2220 yards (approx. 2 

km) south of gate in that fence, near Barabiddy Creek, 

south of Wandagee Homestead, Carnarvon Basin, 

Cundlego Formation. Late Baigendzhinian (Late Artin- 

skian). 

Fig. 3 —A-Z, AA-BB, Heteralosia etheridgei (Prendergast). A-Z, AA, from Callytharra Formation, Car¬ 

narvon Basin; BB, from Fossil Cliff Member, Perth Basin. A-B, MUGD F6599, dorsal valve in ventral 

and dorsal views, x 3.5. C-D, MUGD F6600, dorsal valve in ventral and dorsal views, x 3.5. E-F, 

MUGD F6601, dorsal valve in ventral and dorsal views, x 4. G-H, MUGD F6606, dorsal valve in ventral 

and dorsal views, x 4 and x 3.5 respectively. I, MUGD F6604, ventral valve in ventral view, x 2.6. J, 

MUGD F6579, dorsal valve in ventral view, x 4.5. K-M, CPC 24406, shell in posterior, dorsal and ven¬ 

tral views, x 3.5, x 3 and X 3.5 respectively. N-P, MUGD F6607, shell in dorsal, ventral and posterior 

views, x 3.2, x 3.8 and x 3.8 respectively. Q-R, MUGD F6603, ventral valve in ventral and dorsal 

views, x 4.5 and x 3.8 respectively. S-T, CPC 24439, shell in ventral and dorsal views, x 4.5 and x 3 

respectively. U-W, CPC 24440, shell in ventral, posterior and dorsal views, x 4, x 4 and x 3 respective¬ 

ly. X-Y, MUGD F6605, ventral valve in ventral and dorsal views, x 3.5. Z, AA, MUGD F6602, dorsal 

valve in ventral and dorsal views, x 3.6. BB, GSWA F270, external mould of dorsal valve, X3.5. 
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Measurements (in mm): Measurements of the paratype 

are from Coleman (1957). * = holotype. 

Specimen Hinge Maximum Ventral Dorsal Thick- Height 

width width height height ness ventral 

interarea 

UWA 28444a* 7.5 12.5 11.5 10.3 4 1.1 

UWA 28444b 7.5 13.5 15.7 - 5 — 

Diagnosis: Small Heteralosia, not attached as adults, 

with numerous fine ventral spines and irregularly- 

dimpled dorsal exterior. Cicatrix prominent. 

Description: Shell small with subcircular outline. 

Cicatrix distinct, may distort outline posteriorly. Cicatrix 

flat, arises on umbo, hence umbo not clearly demarcated. 

Anterior of cicatrix, ventral valve evenly, strongly con¬ 

vex. Transversely, lateral slopes steep; middle of ventral 

valve less convex, no sulcus present. Hinge line straight, 

about 0.6 of maximum shell width. Maximum shell width 

at mid length of shell. No distinct ears present. Ventral 

interarea low, bisected by narrow, triangular delthyrium 

filled with slightly-convcx pseudo-dcltidium. 

No spines on cicatrix. Remainder of ventral valve 

covered with numerous fine, spine bases, often elon¬ 

gated, that give rise to recumbent or semi-erect spines. 

Spine bases fine, none exceed 0.5 m in width; arranged 

in semiquincuncial manner. No growth lamellae on ven¬ 

tral valve. 

Dorsal valve moderately concave. Initial part of 

valve flat; anteriorly, valve becomes evenly concave, 

flattening towards anterior margin. Dorsal interarea 

low, bisected by small, distinct chilidium. Valve exterior 

aspinose, growth lines poorly developed. Valve exterior 

carries numerous, randomly scattered dimples. 

Interior of shell unknown. 

Discussion: This species is one of the least well-known 

strophalosiid species from the Western Australian Per¬ 

mian. Coleman (1957) indicated a wide stratigraphic 

range for the species (Sterlitamakian to Chhidruan as us¬ 

ed herein) and this requires substantial reappraisal. 

Several of his specimens were from the Hardman Forma¬ 

tion of the Canning Basin. These (Coleman 1957, pi. 20 

figs 29-35) can confidently be assigned to Echinalosia 

(Notolosia) dickinsi subgen et. sp. nov. described below; 

they have been well figured by Coleman and are charac¬ 

teristic of the new subgenus and species. H. 

prendergastae was also recorded by Coleman (1957, pi. 
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20, figs 25-28) from the Callytharra Formation. The 

Callytharra specimen is referred by me to H. etheridgei 

Prendergast; it is partly decorticated and hence does not 

clearly display the coarser, more numerous spines of the 

holotype of H. prendergastae and it also possesses more 

well-developed dorsal growth lamellae as in H. 

etheridgei. Coleman (1957) categorised his species by its 

more numerous, fine spines (but coarser than those of H. 

etheridgei), larger size, more quadrate outline and large 

cicatrix of attachment. However, new collections of H. 

etheridgei show that the species can be larger than 

previously realised and that the cicatrix of attachment 

varies in size for the species (although it does not often 

appear to be as large as that of the holotype of H. 

prendergastae). Difficulties of distinguishing between H. 

etheridgei and juveniles of Strophalosia invine ns is are 

discussed under H. etheridgei but Coleman’s Callytharra 

specimen is more circular to elongate and strongly ven- 

trally convex than is normal for juvenile S. invinensis. 

The revision of H. etheridgei given above indicates that 

H. prendergastae is better characterised by its more 

numerous ventral spines and a dorsal exterior with no 

distinct growth lamellae and an irregularly dimpled sur¬ 

face. Nevertheless large collections from the Cundlego, 

and possibly Wandagee Formations are required to place 

the species on a firm understanding. 

H. prendergastae is probably closely related to H. 

iphia Grant (1976, p. 84, pi. 18, figs 29-50) from the Late 

Early Permian of Thailand. Grant’s species possesses 

numerous ventral spines, a distinct cicatrix and a dorsal 

exterior with irregularly-scattered dimples and variably- 

developed growth lamellae. 

Heteralosia complectens (Etheridge, 1918) 

Fig. 4J-0 

1915 Strophalosia sp. Etheridge, p. 34; pi. 5, figs 16-18 

1918 Strophalosia complectens Etheridge, p. 253; pi. 

40, figs 11-12 

1926 Strophalosia complectens Etheridge; Glauert, p. 

46 

1943 Etheridgina muinvoodae Prendergast, p. 54; pi. 

6, figs 14, 15 

1957 Etheridgina(l) muinvoodae Prendergast; Cole¬ 

man, p. 109; pi. 17, figs 6-11 

1958 Etheridgina(?) muinvoodae Prendergast; Guppy 

et ai, p. 48 

Fig. 4 —A-1, Strophalosia irwinensis Coleman. A-1, from Callytharra Formation, Carnarvon Basin. A, 

MUGD F6591, shell in dorsal view, x 3. B-C, MUGD F6592, shell in ventral and dorsal views, x 3. D-E, 

MUGD F6593, shell in ventral and dorsal views, x 3.6. F-G, MUGD F6594, ventral valve in ventral and 

posterior views, x 3. H-1, MUGD F6595, shell in dorsal and ventral views, x 3. J-O, Heteralosia com¬ 

plectens (Etheridge). All from Noonkanbah Formation, Canning Basin. J-K, AMF16699a, lectotype, 

shell in dorsal and posterior views, x 3. L, AMF16812, ventral valve and incomplete shell in dorsal 

views, X 3. M, AMF16699b, ventral valve in ventral view, x 2.6. N, AMF16699c, ventral valve in ven¬ 

tral view, x 2.6. O, missing dorsal valve, copy of figure from Etheridge (1918, pi. 40, fig. 11) x 3.5. P-R, 

Heteralosia prendergastae (Coleman), from Cundlego Formation, Carnarvon Basin, holotype, UWA 

28444a, shell in ventral, dorsal and posterior views, x 3. S-V, Heteralosia sp. A, all from Madeline For¬ 

mation, Carnarvon Basin. S, CPC 24441, ventral valve in dorsal view, x 2.8. T, CPC 24444, ventral 

valve in dorsal view, x 3. U, CPC 24442, ventral valve in dorsal view, x 3. V, CPC 24443, ventral valve 

in dorsal view, x 3. W-Z, AA-BB, Heteralosia sp. B, all from Lightjack Formation, Canning Basin. W, 

CPC 24450, dorsal valve in ventral view, x 2.5. X, CPC 24448, dorsal valve in ventral view, x 2.5. Y, 

CPC 24449, dorsal valve in ventral view, x 2.5. Z, CPC 24447, dorsal valve in dorsal view, x 2.5. AA, 

CPC 24445, ventral valve in dorsal view', x 2.5. BB, CPC 24446, dorsal valve in ventral view, x 2.5. 
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1967 Etheridgina muirwoodae Prendergast; Condon, 

p. 169 

Lectotype: Entire specimen on AMF 16699 (designated 

herein as AMF 16699a), chosen by Coleman (1957, p. 

109), from Mount Marmion, West Kimberley District; 

Noonkanbah Formation. 

Material, Locality and Age: The syntypic series 

described by Etheridge (1918) was reexamined. The in¬ 

complete dorsal valve figured by Etheridge (1918, pi. 40, 

fig. 11) has been lost —the specimen was not available to 

either Prendergast (1943) or Coleman (1957). The syn¬ 

typic series and specimens previously available to 

Etheridge (Etheridge, 1915) came from Mt Marmion, 

West Kimberley District, Canning Basin (see also Glauert, 

1926), now included in the upper part of the Noonkanbah 

Formation. Coleman (1957) also recorded and figured 

specimens from several localities from the Wandagee For¬ 

mation, Carnarvon Basin. They were well described and 

figured (Coleman, 1957, p. 110, pi. 17, figs 6, 10, 11) and 

are conspecific with the Mount Marmion material. Meas¬ 

urements of the species are provided by Coleman (1957, 

p. 110). Late Baigendzhinian (Late Artinskian). 

Diagnosis: Small Heteralosia, adherent by most of ven¬ 

tral valve and by coarse, long, adherent, ventral spines. 

Well-developed interareas, teeth, elevated, internally- 

bilobed cardinal process and dorsal median septum. 

Description: Shell small, subquadrate to transversely 

oval in outline. Hinge width varies from just over half 

maximum width up to seven-eighths maximum width. 

Hinge extremities become pointed in mature samples, 

with suggestion of small ears being developed, rounded 

in submature, younger specimens. Ventral valve firmly 

fixed to underlying substrate (in all known samples, a 

larger brachiopod) with entire visceral disc being attach¬ 

ed. Lateral and anterior margins of ventral valve free, 

being sharply upturned, not attached. Ornamentation 

of ventral valve consists of spines distributed along car¬ 

dinal, lateral and anterior margins; number of spines 

variable. Spines relatively coarse, adherent to host shell, 

longer than shell on some specimens. 

Interareas prominent, flat, extend full width of 

hinge; also relatively high. Ventral interarea may vary 

between being perpendicular to, or parallel to, plane of 

attachment, variation being caused by degree to which 

umbo itself is attached to substrate. Umbo minute, bare¬ 

ly noticeable. Ventral interarea bisected by relatively- 

wide delthyrium filled by pseudodeltidium which is only 

slightly raised above level of interarea. Dorsal interarea 

half height of that of ventral interarea, flat to gently 

concave; bisected by notothyrium filled by triangular 

chilidium. Both interareas lie in one plane. 

Ventral valve teeth usually strong, divergent. Diduc- 

tor muscle scars large, smooth, lobate, bisected by low 

ridge or median septum. Adductor scars poorly differen¬ 

tiated. Anterior of interior of ventral valve finely 

pustulose, posterior cardinal margins carry numerous 

pits arranged in two, ill-defined rows. 

Dorsal valve thin, gently concave to flat. Fine growth 

lamellae may be present. Valve may reflect exteriorly or¬ 

nament of substrate shell —the lectotype reflects orna¬ 

ment of ribs of piece of Neospirifer sp. which acts as 

substrate of specimen. Dorsal valve without spines. Car¬ 

dinal process prominent, exteriorly trilobed (fide 

Prendergast 1943), interiorly bilobed; inclined at almost 

right angle to dorsal interarea. Median septum short, 

fine, extends from base of process; bisects muscle field 

(Prendergast 1943) or, apparently, weakly dendritic 

(Etheridge 1918, pi. 40, fig. 11). Brachial ridges 

unknown. 

Discussion: The above description is based on a reexam¬ 

ination of Etheridge’s (1918) syntypic series of H. com- 

plectens and, particularly for details of the dorsal valve, 

descriptions of the species by Prendergast (1943) and 

Coleman (1957) as well as Etheridge’s (1918) illustration 

of the now missing syntypic dorsal valve. Etheridge’s 

(1918) name for the species was suppressed by both 

Prendergast (1943) and Coleman (1957) who both mis¬ 

takenly confused this small strophalosiid with Ether- 

idgina, a productidinid. The fact that Etheridge (1918) 

used the same trivial name, complectensy for his 

adherent strophalosiid as he had used for his adherent 

productidinid some 50 years previously (Etheridge 1876, 

1878) appears to have added to the confusion but Ethe¬ 

ridge (1918) presumably did not refer to his adherent 

productidinid as he considered the two were not closely 

related. Etheridge’s (1918) specific name Strophalosia 

(now Heteralosia) complectens is restored and its clear 

strophalosiid affinity is indicated, as shown by Etheridge 

and implied by Prendergast (1943) and Coleman (1957) 

and also indicated by Clarke (1970a) and Grant (1976). 

Waterhouse (1959) and Muir-Wood and Cooper (1960) 

reconfirmed the productidinid relationship of Ether¬ 

idgina as shown by Etheridge (1876, 1878). 

Heteralosia complectens is readily distinguished 

from other West Australian species of the genus by its 

smaller size, largely-adherent ventral valve and long, 

adherent, ventral spines. The substantial area of the ven¬ 

tral valve that is adherent and the long adherent spines 

also readily distinguish the species from the small H. 

haerens Grant (1976) from limestones of approximately 

similar age from Southern Thailand. H. hystricula Girty 

as figured by Cooper and Grant (1975, pi. 195) is a larger 

species than H. complectens with finer spines, less- 

adherent ventral valve and lower interareas; it comes 

from the Late Wordian and Roadian of Texas. H. 

magnispina Cooper and Grant (1975) from the Kazanian 

of Texas has much lower interareas than H. complectens 

but is also strongly adherent. The two Texan species are 

probably convergent with H. complectens in terms of 

their adherent ventral valves. 

Heteralosia sp. A 

Fig. 4S-V 

Material, Locality and Age: CPC 24441-24444, four 

small ventral valves attached to the dorsal valve of Wynd- 

hamia sp. nov. specimen from BMR locality WB11, 2.4 

km on a bearing of 143° from Mount Madeline, upper 

part of Madeline Formation, Carnarvon Basin. Early 

Baigendzhinian (Late Artinskian). 
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Measurements (in mm): e = estimate 

Specimen Maximum 

width 

Hinge 

width 

Ventral 

height 

CPC 24441 9.6 7.1 8.0 

CPC 24442 7.6 4.8e 5.5 + 

CPC 24443 6.4 4.3e 5.5 

CPC 24444 4.8 — 3.9 

Comments: The four small ventral valves, adherent to 

the host shell for much of their valves by means of long, 

fine adherent spines indicate a species close to Hetera- 

losia complectens (Etheridge, 1918). Differences from 

that species are indicated by the fineness of the adherent 

spines and the low ventral interarea with a small, incon¬ 

spicuous delthyrium and pseudodeltidium on even the 

largest specimen. 

There is always a possibility that poorly known, small 

species referred to Heteralosia may simply be juvenile 

spats of large strophalosiid species (Waterhouse, 1981, p. 

67) but, for the present, the four specimens appear to 

represent a distinctive adherent species of Heteralosia. 

Heteralosia sp. B 

Fig. 4W-Z, AA-BB 

1907 Strophalosia sp. Etheridge, p. 7, pi. 6, fig. 8; pi. 7, 

figs 2-4 

1958 Strophalosia (Heteralosia) prendergastae: Guppy 

et al., p. 53 

1958 Etheridgina muirwoodae: Guppy et al., p. 53. 

Material, Locality and Age: CPC 24445-24450, one 

incomplete ventral valve and five incomplete dorsal 

valves from BMR locality CR 1133, Lat. 19°09'51"S, 

Long. 125°59'57"E, Lightjack Formation, Canning 

Basin. Middle Kungurian. 

Measurements (in mm): 

Specimen Maximum 

width 

Hinge 

width 

Ventral 

height 

Dorsal 

height 

CPC 24445 13.9 6.6 13.4 — 

CPC 24446 15.5 10.6 — 13.4 

CPC 24447 13.8 6.7 — 11.8 

CPC 24448 12.8 8.2 — 11.2 

CPC 24449 12.4 6.8 — 11.8 

CPC 24450 12.6 7.8 — 10.7 

Comments: The specimens, all of variable preservation, 

indicate a large species of Heteralosia that was attached 

only during its early ontogenetic stages. The ventral 

valve carries numerous fine spines that were erect anter¬ 

iorly (judging from the spine bases). The ventral in¬ 

terarea is distinct and carries a narrow triangular 

delthyrium filled with a poorly-known pseudodeltidium. 

The ventral valve is strongly convex. The dorsal valve is 

weakly convex posteriorly, fiattish medianly and strong¬ 

ly concave and geniculate anteriorly. The median sep¬ 

tum is half the length of the valve, sharp, thin and arises 

at the base of an erect, blunt, weakly-bilobed cardinal 

process. An internal marginal ridge is developed anter¬ 

iorly preceding the pronounced geniculation of the 

valve. 

The material can be compared with the poorly- 

known Strophalosia sp. of Etheridge (1907, pi. 6, fig. 8; 

pi. 7, figs 2-4) from correctable strata (the Lower 

Marine Beds of the Port Keats Group) in the Bonaparte 

Gulf Basin. Etheridge’s specimens have not been 

located; they are not in the South Australian Museum 

which houses many other specimens of his 1907 work. 

The illustrations provided by Etheridge indicate a 

species with a circular outline, finely-spinose ventral 

valve and a dorsal valve with a fine, sharp, median sep¬ 

tum and an anteriorly-developed marginal ridge. 

Etheridge’s (1907) Strophalosia sp. is therefore included 

within my Heteralosia sp. B. 

Comparison with other Western Australian species 

of Heteralosia is hampered by the poor preservation of 

the material but Heteralosia sp. B is apparently the 

species indicated by Guppy et al. (1958) in the two cita¬ 

tions in the synonymy quoted above. 

Genus Echinalosia Waterhouse, 1967 

= Multispinula Waterhouse, 1966, non Rowell, 1962 

Type Species: Strophalosia maxwelli Waterhouse, 1964. 

Diagnosis: Concave-convex strophalosiids, circular to 

elongate in outline. Dorsal valve with trail not thicken¬ 

ed. Ventral spines erect and semi-recumbent; dorsal 

spines finer than ventral spines and erect (modified from 

Waterhouse 1969, p. 29). 

Discussion: This genus is usefully separated from Wynd- 

hamia Booker (1929) by details of shell outline and the 

dorsal valve. Two strophalosiid species from Western 

Australia belong in Echinalosia. Clarke (1970a, p. 20 and 

p. 21) considered that Strophalosia prideri Coleman 

might be an Orthothrix. Orthothrix Geinitz (1847a, 

1847b) lapsed until reestablished by Muir-Wood and 

Cooper (1960) and is restricted to small strophalosiids 

with a trigonal posterior outline to the shell, fine, long, 

recumbent spines on the ventral valve and minute spines 

on the dorsal valve. Waterhouse (1969) referred 

Strophalosia prideri to Echinalosia and that assignment 

is followed herein. Nevertheless, the dorsal spines of 

Strophalosia prideri are much coarser than those of 

Strophalosia maxwelli Waterhouse (1964) as noted by 

Clarke (1970a). The genus morphologically closest to 

Echinalosia is Marginalosia Waterhouse (1978a, p. 64) 

with ?Echinalosia kalikotei Waterhouse (1975) as type 

species. Marginalosia possesses erect spines on the ven¬ 

tral valve (finer than on Echinalosia) and a thick 

marginal ridge on the interior of both valves (see 

Waterhouse 1978a, for full discussion). 

Distribution: Echinalosia is abundant in the Permian 

faunas of New Zealand and Eastern Australia 

(Waterhouse 1966, 1969, Dear 1971, Clarke & Farmer 

1976), present in the Permian of Western Australia and 

present in the Himalayas (Waterhouse 1966, Chang & 

Ching 1976) and probably the Salt Range (as discussed 

by Waterhouse, 1966). The genus has been described 

from Arctic Canada (Waterhouse, 1969) and is possibly 

present in north-eastern Siberia in the form Stroph- 

alosial bajkurica Ustritskiy as summarised and referred 

to Strophalosia by Grigor’eva (1977). Strophalosia inex- 

pectans Cooper and Grant (1975) from the Guadalupian 

of Texas may be an Echinalosia; however, the generic 
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diagnosis may have to be modified to incorporate a form 

with such fine spines. Echinalosia also appears to be pre¬ 

sent in Kungurian faunas of the Ussuriland (in the form 

of Strophalosia'} paradoxa Fredericks 1925). 

Two subgenera are recognised within the genus, as 

discussed below. Echinalosia prideri (Coleman) is re¬ 

tained within the nominal subgenus. 

Echinalosia (Echinalosia) prideri (Coleman, 1957) 

Fig. 5A-Z 

1943 Strophalosia jukesi Prendergast, p. 47, pi. 5, figs 

18-20 

1957 Strophalosia prideri Coleman, p. 116, pi. 18, figs 

15, 16; pi. 19, figs 1-19 

1967 Strophalosia prideri Coleman, Condon, p. 149 

1976 Strophalosia prideri Coleman, Waterhouse, p. 99 

Holotype: CPC 1018, complete shell, from right bank 

of Lyndon River, 14.4 km east of Mia Mia Homestead, 

Carnarvon Basin. Originally mapped as Bulgadoo 

Shale; subsequently mapped as Madeline Formation. 

Material, Localities and Age: CPC 24497a-24497e, 

three shells and two isolated dorsal valves from BMR 

locality ML87, 13.6 km on a bearing of 82° from Mia 

Mia Homestead, north bank of Lyndon River, Madeline 

Formation. CPC 24498a-24498c, two shells and one 

isolated dorsal valve from BMR locality ML88, as for 

ML87, middle fossiliferous horizon, Madeline Forma¬ 

tion. CPC 24415, 24416, 24499a-24499b, four shells 

from BMR locality F17721, 14.4 km east of Mia Mia 

Homestead, right bank of Lyndon River, type locality 

of species, Madeline Formation. CPC 24417, 24500a- 

24500b, two internal moulds of complete shells and one 

ventral valve internal mould from BMR locality WB51, 

3.6 km on a bearing of 225° from Keogh Hill, lower part 

of Madeline Formation. All Carnarvon Basin. All Early 

Baigendzhinian (Late Artinskian). 

Size Ranges: Ranges are based on 38 measured speci¬ 

mens (including the 15 figured specimens). Hinge width, 

11.1-26.8 mm; maximum width 16.4-51.0 mm; ventral 

valve height. 13.8-42.9 mm; dorsal valve height 

11.4-36.8 mm; thickness, 11.6-19.5 mm (based on 6 

specimens —most are crushed); ventral interarca height, 

1.8-4.8 mm; dorsal interarea height, 1.2-2.6 mm; dorsal 

septum length, 9.0-15.0 mm (based on 8 specimens). 

Diagnosis: Large Echinalosia, transversely oval to sub- 

trigonal in outline. Ventral valve with convexity accen¬ 

tuated towards margins and with median flattening, 

rarely with broad shallow sulcus anteriorly in large 

specimens. Ventral spines abundant, coarse and erect; 

dorsal spines scattered and relatively coarse. Ventral 

umbo prominent and pointed; hinge narrow in mature 

specimens. 

Description: Shell large for genus, outline varies from 

transversely oval or subcircular in juvenile specimens to 

transversely subtrigonal in mature specimens. Ventral 

valve strongly convex with convexity being more pro¬ 

nounced towards lateral margins. Ventral valve may be 

medianly flattened, in a few adult specimens carries 

broad, flattened, relatively inconspicuous sulcus anter¬ 

iorly. Ventral convexity more accentuated over visceral 

disc, decreases anteriorly along trail. Hinge line straight, 

up to two-thirds maximum shell width in juvenile shells, 

normally less than half maximum width in adults. Maxi¬ 

mum shell width anterior of mid-length of shell. Cardinal 

region of shell imparts prominent triangular appearance 

to shell posterior with effect increased in many specimens 

by posterior lateral margins of valves being straight, 

parallel to umbonal shoulders; resulting in a distinct sub- 

trigonal outline to many specimens. Small, pointed ears 

may be developed on some specimens—others lack them 

entirely. Ventral umbo variable in shape; normally 

pointed, suberect, with small cicatrix, on some specimens 

incurved, overhangs ventral interarea. Ventral interarea 

prominent, triangular; height highly variable, striated 

parallel to hinge and, less distinctly, parallel to shell 

length. Small, high, extremely narrow delthyrium bisects 

interarea, filled by strongly-convex pseudodeltidium. 

Exterior ornamentation of ventral valve consists of 

spines, concentric growth lamellae; lamellae consist of 

well-spaced major lamellae and closely-set (often worn, 

removed) fine growth lines. Spines developed as row 

along hinge, subconcentric rows across venter of shell. 

Spacing of spines a little closer over lateral margins of 

valve than across valve centre. Lateral spines tend to be 

suberect, point laterally and posteriorly. Remainder of 

ventral spines erect, point anteriorly. Lateral spines 

grade into venter spines, no discrete demarcation occurs 

between them. Spines vary in coarseness over valve but 

may be up to 1 mm thick with spine bases up to 1.5 mm 

thick. Some spines on anterior of largest shells may be 

fine (0.6 mm wide), adjacent to coarser spine. Normally 

about 14 spines per cm2 at 2-3 cm from umbo, spaced 

every 4 to 7 mm along concentric row. Body spines ap¬ 

parently quite long, longest measured being 5 mm. 

Exterior ornament of dorsal valve consists of distinct, 

relatively widely spaced, concentric growth lamellae, 

numerous spines (finer than those of ventral valve) and 

Fig. 5 —A-Z, Echinalosia (Echinalosia) prideri (Coleman). All from Madeline Formation, Carnarvon 

Basin. A-B, CPC 24497a, shell in dorsal and ventral views, X 1.2 and x 1.3 respectively. C-D, CPC 

24498a, shell in dorsal and ventral views, x 1.3 and x 1.2 respectively. E-F, CPC 24498b, shell in dorsal 

and ventral views, x 1.2. G-H, CPC 24499a, shell in ventral and dorsal views, x 1.2.1-J, CPC 24499b, 

shell in ventral and dorsal views, x 1. K-L, CPC 24416, shell in dorsal and ventral views, x 1. M-O, 

CPC 24497b, shell in ventral, dorsal and lateral views, x 1.2. P-Q, CPC 24500a, internal mould of shell 

in ventral and dorsal views, x 1.2. R, CPC 24500b, internal mould of ventral valve, x 1.2. S, CPC 

24498c, dorsal valve interior view', x 1.1. T, CPC 24497c, dorsal valve interior view, x 1.1. U-V, CPC 

24415, shell in ventral and dorsal views, x 1 and x 1.2 respectively. W, CPC 24497d, dorsal valve in¬ 

terior view, X 1.1. X, CPC 24497c, decorticated shell in dorsal view, x 1.2. Y-Z, CPC 24417, internal 

mould of shell in ventral and dorsal views, x 1.1. 
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scattered subcircular dimples. Spines arranged in concen¬ 

tric rows, may be up to 0.7 mm thick at their base, erect, 

up to 5 mm long. Decortication of valve removes most 

spines, leaves coarser concentric lamellae and widely scat¬ 

tered dimples. Dimples tend to be circular to subcircular 

(slightly longer than wide), normally scattered along con¬ 

centric rows. Capillae have not been observed on best 

preserved specimens. 

Ventral teeth strong, robust, divergent but set 

relatively close together because of narrow delthyrium. 

Low marginal ridge developed either side of teeth, per¬ 

sists anteriorly in only mature specimens as low, broad 

ridge around anterior perimeter of valve. Adductor 

muscle scars elongate, on a raised platform; normally 

bisected by median groove, although one specimen 

shows median ridge, smooth or feebly striate longitud¬ 

inally. Diductor scars large, flabellate, weakly impressed 

anteriorly, posteriorly smooth, anteriorly striate, extend 

further anteriorly than adductor scars. Remainder of 

valve interior smooth or finely pitted. 

Dorsal valve smoothly geniculate with geniculated 

angle being curved up to about 40° from anterior of 

gently internally-convex visceral disc. Dorsal interarea 

distinct, high, striated parallel to hinge line; bisected by 

sharply concave chilidium, wider than corresponding 

pseudodeltidium. Dorsal adductor scars smooth, bisect¬ 

ed by median septum so that each half triangular 

shaped. Anterior components of adductor scars raised 

above level of visceral disc, posterior components de¬ 

pressed, lower than level of visceral disc. Brachial ridges 

distinct in mature specimens, arise close to anterior of 

posterior components of adductor scars; broadly semi¬ 

circular, hook back sharply at their anterior extremities. 

Region of brachial ridges smooth. Cardinal process 

strong, erect, extends behind hinge line, coplanar with 

dorsal interarea or diverges posteriorly by some 10-15°. 

Process quadrilobed interiorly, prominent median lobe 

divided by deep groove; lateral lobes of process distinct, 

project widely from bisected median lobe. Cardinal pro¬ 

cess arises from strongly-developed median septum and 

a pair of low marginal ridges that run around deep sock¬ 

ets and die out on lateral margins of valve. Median sep¬ 

tum strong, sharp, high (usually lower between adductor 

scars), extends for about half valve length. Anterior of 

valve interior distinctly pustulose. 

Discussion: Echinalosia prideri was well described by 

Coleman (1957) who also discussed such features as the 

variable nature of the ventral umbo and the height of the 

ventral interarea. The new material to hand indicates 

few changes to Coleman’s description of the species. The 

ventral umbo can rarely be overturned over the interarea 

and one juvenile specimen indicates that the cicatrix can 

rarely attain a large size (just over 0.5 cm at the largest 

diameter). 

Echinalosia sp. (Waterhouse 1969) from Arctic 

Canada is a large form differing from Echinalosia pri¬ 

deri in possessing a distinct sulcus, more densely-spinose 

ventral valve and a wider hinge line. 

Eastern Australian species of Echinalosia such as E. 

preovalis (Maxwell 1954, pi. 54, figs 1-19) and E. ovalis 

(Maxwell 1954, pi. 57, figs 4-14) are more circular spec¬ 

ies than E. prideri and possess relatively wide hinges (see 

also Dear 1971, pi. 3, figs 11-16, Echinalosia minima 

Dear 1971). 

The same is also true of Echinalosia from New 

Zealand as described and figured by Waterhouse (1964). 

Waterhouse (1982a, see p. 31 for synonymy) has report¬ 

ed in many papers that E. prideri is a characteristic zone 

fossil of Mangapirian (Late Artinskian) faunas of New 

Zealand. However, specimens of the New Zealand form 

are limited in number and preservation and only one 

specimen has been figured (Waterhouse 1982, pi. 23, fig. 

i). The figured specimen is an internal mould of a ventral 

valve which may indicate a species related to E. prideri 

but until the dorsal valve of the New Zealand species is 

known and larger collections are available, the identity 

of the species is in considerable doubt. 

Subgenus Echinalosia (Notolosia) subgen. nov. 

Type Species: Echinalosia (Notolosia) dickinsi sp. nov. 

Diagnosis: Concavo-convex strophalosiids with circular 

to subcircular outline. Shell not thickened. Cicatrix 

large. Ventral spines adherent, semi-recumbent and 

erect. Dorsal spines erect, minute and abundant. Ventral 

interarea relatively high with high but narrow pseudo¬ 

deltidium. Teeth small. Cardinal process high, erect, 

with prominent bisecting groove and pit on interior face; 

quadrilobed at maturity. 

Discussion: Specimens of the type species have pre¬ 

viously been referred to Heteralosia (Coleman 1957) but 

larger collections show that the species possesses numer¬ 

ous minute, scattered, dorsal spines unlike that genus. 

Slight erosion of the dorsal valve removes all trace of the 

spines but leaves the lamellose growth lines. The species 

shares many features with Echinalosia Waterhouse and 

hence is placed in that genus but characters such as the 

large cicatrix and long, adherent spines indicate consid¬ 

erable differences from E. rnaxwelli (Waterhouse 1964) 

the type species of Echinalosia, hence the new subgenus 

is proposed. 

Fig. 6 —A-Q, Echinalosia (Notolosia) dickinsi sp. nov. All from Hardman Formation, Canning Basin. 

A-B, CPC 24451, holotype, dorsal valve in dorsal and ventral views, x 3 and x 2 respectively, with at¬ 

tached internal mould of Neochonetes (Sormneriella) sp. nov. C-D, CPC 24452, dorsal valve in ventral 

and dorsal view's, x 2.2 E-F, CPC 24453, dorsal valve in ventral and posterior views, x 2 and x 3 

respectively. G-H, CPC 24454, dorsal valve in dorsal and ventral views, x 2.2. 1-J, CPC 24468, natural 

cast of ventral valve in ventral and posterior views, x 1.5. K, CPC 24469, natural cast of ventral valve in 

ventral view, x 1.6. L, CPC 24470, natural cast of ventral valve in ventral view, x 1.8. M, CPC 24471, 

natural cast of ventral valve in ventral view, x 1.8. N, CPC 24472, natural cast of ventral valve in ventral 

view, x 1.6. O-P, CPC 24460, ventral valve in anterior and dorsal views, x 2.8 and x 2.6 respectively. 

Q, CPC 24462, ventral valve adherent within ventral valve, x 3. 
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Echinalosia (Echinalosia) Waterhouse (1967) is a 

larger subgenus of subtrigonal or subcircular outline 

and with scattered dorsal spines. Internal features such 

as muscle scars and brachial ridges are more strongly 

developed in Echinalosia (Echinalosia), which also has a 

consistently, considerably smaller cicatrix of attachment 

than Echinalosia (Notolosia) subgen. nov. No other 

species is at present referable to Echinalosia (Notolosia). 

Orthothrix Geinitz (1847a, 1847b) is a smaller genus 

with numerous, minute dorsal spines but is characterised 

by a trigonal outline, fine recumbent ventral spines, a 

short dorsal median septum and a less convex ventral 

valve. 

Wyndhamia Booker (1929) possesses fine dorsal 

spines but at maturity, shells are large and subquadrale 

in outline. There is no evidence at present to suggest that 

Echinalosia (Notolosia) dickinsi sp. nov. is only known 

from juvenile material. Large strophalosiids occur with 

representatives of the species but they are represen¬ 

tatives of a large new genus that lacks dorsal spines and 

that will be described in a subsequent study. 

Echinalosia (Notolosia) dickinsi sp. nov. 

Figs 6A-Q, 7A-S 

1957 Strophalosia (Heteralosia) prendergastae Col¬ 

eman, (partim.), p. 127, pi. 20, figs 29-35, (non 

cet.) 

1958 Strophalosia (Heteralosia) prendergastae Col¬ 

eman, Guppy et al., p. 54 

1961 Strophalosia sp. Dickins, pp. 284, 287 

Etymology: For Dr J. M. Dickins of the Bureau ot 

Mineral Resources, Geology and Geophysics, for his ex¬ 

tensive contributions to the knowledge of the Western 

Australian Permian record. 

Holotype: CPC 24451, an isolated dorsal valve from 

BMR locality KLB 11, Hardman Formation, Canning 

Basin. 

Material, Localities and Age: CPC 24451-24467, 

nine isolated dorsal valves and eight isolated ventral 

valves from BMR locality KLB 11, Mount Hardman, 

from beds about 1.2 m thick at about 40 m below the 

top of the hill, Hardman Formation. CPC 24468-24472, 

five natural casts of ventral valves from BMR locality 

N1241, Lat. 19°06'39"S, Long. 125°11'27"E, Hardman 

Formation, Canning Basin. Chhidruan (Early 

Tatarian). 

Size Ranges: e = estimate. Ranges are based on 34 

measured specimens (including the 22 figured 

specimens). Hinge width, 5.8-15.5e mm; maximum 

width, 10.1-26.5 mm; ventral valve height, 8.8-22.5 mm; 

dorsal valve height, 9.8-20.0 mm; thickness, 3.5-12.1 

mm; ventral interarea height, 1.1-2.8 mm; dorsal in¬ 

terarea height, 0.6-1.5 mm; dorsal septum length, 

5.5-11.6 mm. 

Diagnosis: Small to medium sized shells with narrow 

hinge line and transversely oval outline in maturity. 

Cicatrix large. Ventral exterior ornament of concentric 

lamellae and fine, abundant, scattered to subconcentric- 

ally arranged spines. Dorsal exterior with minute scatter¬ 

ed spines, scattered dimples, and concentric growth 

lamellae. 

Description: Shell of moderate size with transversely 

oval outline at maturity. Hinge width varies from two- 

thirds of maximum width in juvenile stages of ontogeny 

to one half maximum width at maturity. Hinge extrem¬ 

ities rounded at maturity, finely pointed in juvenile 

specimens. No ears developed. Ventral valve strongly 

convex with convexity being even. Maximum width at 

about two-thirds of length of shell, from umbo, at 

maturity. Umbo flattened by cicatrix of attachment 

which is large in size (largest being on specimen CPC 

24468, 8.7 mm wide 7.3 mm long). Ornamentation of 

ventral valve consists of spines and concentric lamellae 

with the latter widely spaced and best seen on anterior of 

valve. Spines closely spaced, numerous, those over pos¬ 

terior lateral flanks more closely spaced than those over 

venter. No distinct row developed along hinge, although 

spines extend up to hinge. Cicatrix occupies large por¬ 

tion of umbonal and posterior hinge region. Spines 

spaced at 1 to 2 mm intervals over venter in subconcen- 

tric bands and are from 0.2 to 0.4 mm thick. Larger 

specimens appear to have coarser spines anteriorly but 

this may in part be because of nature of preservation (as 

natural ferruginous casts). Posterior spines adherent to 

substrate, although they are long and lift juvenile shell 

from substrate (specimen CPC 24460). 

Interareas distinct, flat, extend full width of hinge, 

relatively high. Ventral interarea striated parallel to 

hinge, bisected by narrow, triangular delthyrium filled 

by flat pseudodeltidium. Pseudodeltidium inconspic¬ 

uous when entire. Dorsal interarea about half height of 

ventral interarea, weakly striate parallel to hinge line, bi¬ 

sected by narrow, flat chilidium. 

Dorsal valve flat or gently convex during earliest 

stages of ontogeny, becomes gently concave subsequent¬ 

ly. Anterior of dorsal valve distinctly, but not sharply, 

geniculated. Concentric lamellae distinct. Dimples scat¬ 

tered over valve surface. Concentric lamellae and 

growth lines carry rows of minute spines (up to 0.6 mm 

apart and 0.2 mm thick). Spines may be totally removed 

from valve without loss of lamellae. 

Fig. 7-A-S, Echinalosia (Notolosia) dickinsi sp. nov. All from Hardman Formation, Canning Basin. A, 

CPC 24455, dorsal valve in ventral view, x 2. B-C, CPC 24456, dorsal valve in dorsal and ventral views, 

x 2.8 and x 2.5 respectively. D, CPC 24457, dorsal valve in ventral view, x 2. E-F, CPC 24458, dorsal 

valve in ventral and dorsal views, x 2.6. G, CPC 24459, dorsal valve in ventral view, x 2.2. H, CPC 

24462, ventral valve in ventral view, x 2.2. I-J, CPC 24463, ventral valve in dorsal and ventral views, x 

3 and x 2.5 respectively. K-L, CPC 24464, ventral valve in dorsal and ventral views, X 1.5. M-O, CPC 

24465, ventral valve in dorsal, ventral and posterior views, x 1.6, x 1.8, and x 2 respectively. P-Q, 

CPC 24466, ventral valve in dorsal and ventral views, x 2. R-S, CPC 24467, ventral valve in dorsal and 

ventral views, x 1.8. 
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Ventral teeth small, weakly divergent, protrude from 

under ventral interarea. No marginal ridge developed. 

Adductor scars situated high under umbo, smooth and 

lobate. Diductor scars poorly known but appear weakly 

striate. 

Cardinal process arises from strong median septum 

and two minute lateral ridges which surround small but 

narrow and deep sockets. Process a small, bilobed spike 

in juvenile specimens and a pronounced quadrilobed, 

erect eminence in mature valves. It extends posteriorly at 

small angle to plane of dorsal interarea. 

Smooth dorsal adductor scars distinct, particularly 

in mature specimens, and raised above level of visceral 

disc; bisected by median septum, not differentiated into 

anterior and posterior components even in largest 

specimen. Median septum usually from 0.5 to 0.6 length 

of dorsal valve, thin and sharp. Abundant papillae oc¬ 

cur around anterior of valve. Brachial ridges only weak¬ 

ly developed in largest dorsal valve. 

Discussion: Several small specimens of this species, 

figured by Coleman (1957, pi. 20, figs 29-35) as 

Heteralosia prendergastae are referred to E. (N.) dick in- 

si sp. nov. on the basis of ventral spinosity, cicatrix type 

and dorsal interior. Dickins (1061) recorded Strophal- 

osia sp. from the Hardman Formation which appears to 

refer to the present species. Echinalosia (.Notolosia) 

dickinsi sp. nov. is a distinctive species because of its 

large cicatrix, ventral spine arrangement and minute 

dorsal spines. Comparison may be suggested with repre¬ 

sentatives of Echinalosia (Echinalosia), but in addition 

to comments noted above, that subgenus possesses dor¬ 

sal adductor scars that are differentiated into anterior 

and posterior components, unlike the present species. 
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